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Abstract: The sweet cherry tree shows an acrotonic growth habit and grows as a forest wood. Apical dominance is important in sweet
cherries and commercial growth is not possible without human intervention. It is thus difficult to obtain a good tree shape and enough
shoots and leaves for quality and a plentiful crop in cherry trees. For this reason, many studies have been carried out in cherries to
obtain enough lateral shoots and leaves using different methods. These procedures included Perlan application, pruning (heading), bud
management (bud selection, bud removal), girdling, notching, and scoring. The present study aimed to encourage leaf and shoot growth
by various applications such as Perlan (BA+GA4+7), bud management, and bud management + Perlan in sweet cherries in 2015–2017.
The Perlan, bud management, and bud management + Perlan applications were applied to trees of the Regina/CAB 6P combination just
before bud break. These applications affected the diameter, length and number of primary shoots on the leader, number of 2-year-old
shoots bearing fruit, and also the leaf area. Besides this, the applications affected tree volume. In general, the best results in terms of
features were from bud management + Perlan.
Key words: Prunus avium L., bud removal, branching, tree development, BA+GA4+7

1. Introduction
Cherry trees grow like forest wood because of their natural
apical dominance. If there is no intervention, sweet cherry
develops upright and vigorous. It also does not create many
lateral shoots (Miller, 1983; Lang, 2000; Jacyna, 2002;
Jacyna and Puchala, 2004; Lang et al., 2004; Jacyna et al.,
2005; Elfving and Visser, 2007). Lauri and Claverie (2008)
characterized it by two main features: an upright scaffold
and acrotony (longer lateral shoots are at the top, just
below the annual growth termination). Cherry especially
bears fruit at spurs and individual buds on lateral shoots.
For this reason, a cherry tree needs training and some
manipulation to obtain lateral shoots for commercial
production. It is also important to produce lateral shoots
so that the tree can take shape early (Hoying et al., 2001).
There are several ways to obtain lateral shoots in cherry
such as heading, tipping, pinching, scoring, notching,
and some chemical applications. However, most of these
techniques involve an excessive use of labor and result in
wasted time. Thus, chemical practices that save labor and
time are at the forefront. For this purpose, some chemicals
such as Promalin, Cyclanilide, Arbolin, and Paturyl are
used (Guimond et al., 1996; Jacyna et al., 2005; Elfving
and Visser, 2006, 2007). Single chemical applications may

cause an unbalanced distribution including frequent and
weak branches. In this case, bud management can be a
solution. Bud management is shortly defined as retaining
the buds from which future shoots are desired or removing
the buds from which shoots will not be desired (Macit et
al., 2017). In addition, bud management strategies can
provide better use of growth sources such as light, mineral
nutrition, photosynthesis products, and water (Lang et
al., 2007). This research was carried out to determine the
effect of Perlan and bud management on growth, lateral
shoots, and precocity of nursery cherry trees.
2. Materials and methods
2.1. Materials
This study was carried out in Bafra in North Anatolia from
2015 to 2017. The altitude of the experimental area is 16
m. The area is located at the coordinates of 41°33′50″N,
35°52′17″E. The region has a mild climate. The hottest
months are July and August and the coldest months are
January and February (https://www.mgm.gov.tr/).
The soil was a silty clay loam (33.73% clay, 55.35%
silt, and 10.92% sand) with an oxidizable organic
matter content of 2.71% (moderate). The pH was 8.03
(moderately alkaline reaction), the EC in soil was 0.55 dS
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m–1 (nonsaline), the lime content was 10.28% (moderate),
total N content was 0.062% (low), and available P content
was 31.49 mg kg–1 (high). Exchangeable K, Na, Ca, and Mg
contents were 0.34 (moderate), 1.12 (high), 21.00 (very
high), and 6.80 (high) cmol (+) kg–1, respectively.
Nursery trees were planted in 2015 (January) as whips.
Tall spindle axes were used as the training system according
to Long et al. (2015). In the experiment, the combination
of Regina/CAB 6P was used. Regina was bred in a breeding
program carried out in Jork, Germany, by Loewel, Vahl,
and Zahn between 1953 and the 1980s. Its parentage is
Schneiders Späte Knorpel × Rube. Trees of Regina grow
pyramidally with spreading branches, vigorously. Its
productivity is high. It blooms late and ripens 28–35 days
after Burlat. Its fruits are flat-round to round, medium to
large, very firm, dark red, and very tolerant to cracking
and Monilinia blossom blight but susceptible to bacterial
canker in certain environments. It is not self-fertile (S1S2)
(Garcia et al., 2017).
CAB 6P was improved among the wild sour cherry
population growing in the Emilia –Romagna area in Italy
(Perry, 1987). It is a semidwarf rootstock. It can be used
for rootstocks in heavy soils for cherry. However, it has a
tendency to sucker.
Perlan, which is a commercial formulation of
N-(phenylmethy1)-1 H-purin-6-amine plus gibberellins
A4 + A7 used in the experiment, includes 18.5 g/L
gibberellic acid (GA4+7) and 18.8 g/L benzyladenine (BA)
(Veinbrants and Miller, 1981a, 1981b).
2.2. Methods
The nursery trees were planted in January 2015 at 3.5 × 2
m spacing. Perlan, bud management, or bud management
+ Perlan applications including a control were applied to
trees of the Regina/CAB 6P combination just before bud
break at the green tip stage. Perlan was applied at a ratio of
1:3 in water to all trees without any carrier material in the
experiment (both Perlan and bud management + Perlan
applications) together with Tween 20 as an adhesive. It is

known that Perlan does not affect buds or branching at
temperatures below 16 °C or in windy and rainy weather.
Perlan was thus applied at temperatures over 16 °C, in
windless and clear weather. Tap water was used in the
experiment to spray it. The pH of the tap water was about
7.3. In the bud management + Perlan application, first bud
management was done as below, immediately followed by
Perlan. When Perlan was applied, other trees were covered
with plastic bags so that they would not be affected.
In bud management according to Macit et al. (2017),
a single terminal bud is left initially and several buds just
below it (within 7.5–12.5 cm) are removed. Secondly, after
removing the buds, bud selection continues basipetally
down the central leader, with one bud left for every 2–5
buds starting from the first bud, with the aim of a spiral
distribution of the buds under the terminal bud down the
length of the nursery tree leader. Finally, at 30–45 cm from
the ground, all remaining subtending buds below the last
selected bud are removed. Ultimately, it is aimed to retain
a bud facing different directions at every 7.5–12.5 cm on
the leader. Therefore, bud selection occurs during specific
growing points for the formation of canopy shoots spirally.
The application was repeated two times, in 2015 and 2016.
Diameter and height of the trees at planting are given in
Table 1.
Tree measurements were done as follows:
1) The number of lateral shoots (No./100 cm limb
length) emerging on the central leader.
2) The tree diameter at 10 cm above the budding point
by using a digital caliper (mm).
3) The diameter (5 cm away from the connection point,
mm) and length of the annual shoots (cm).
4) The canopy volume (m3) with the formula of canopy
volume = πR2H/3 by measuring the radius and the height
of the tree canopy (Wocior, 2008).
5) The tree volume (m3) with the formula of tree
volume = [(L + W)/4]2πH/2 by using the width of the tree
crown (W), height of the tree (H), and the length of the
tree crown (L) (Stehr, 2005).

Table 1. Diameter and height of nursery trees at planting in 2015 (January).
Treatments

Diameter of nursery tree (mm)

Height of nursery tree (cm)

Bud management

9.22

78 b

Perlan

10.65

88 b

Bud management + Perlan

10.57

106 a

Control

8.39

70 b

Probability

NS

P ≤ 0.05

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: not significant.
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6) Precocity: the number of 2-year-old branches to
determine priority of bearing.
7) Leaf area per orchard (m2), according to the
following formula (Demirsoy, 2009):
LA (cm2): 6.84 – 2.36 L + 0.14 L2– 0.016 WL2 + 0.84
WL,
where W = leaf width (cm) and L = leaf length (cm),
for a sample of leaves taken at the end of summer in 2016.
The experiment was arranged in completely
randomized plots with a total of 4 treatments including a
control and four plots with two trees per plot (with a total
of 32 nursery trees). The data were analyzed by analysis of
variance (ANOVA) using SPSS 17.0 and Duncan multiple
range tests to compare means.
3. Results and discussion
The number, diameter, and length of annual shoots on the
leader were measured on 14 July 2015 after the different
applications were done (Table 2). Shoot numbers were
highest in the Perlan application. Veinbrants and Miller
(1981) also reported that the application of Promalin
increased the number of shoots from 4 to 11. Bennewitz
et al. (2010) found that in treated Lapins trees, the total
number of lateral shoots (in most cases) significantly
increased, while in Stella trees, the total feather length
and the total number of lateral shoots were not affected
by Promalin treatments. Jacyna et al. (1989) suggested
that Promalin increased both shoot and spur numbers in
sweet cherries. Likewise, Promalin is similar to Perlan in
terms of chemical content. Both of them include GA4+7 and
BA. The shoot number is very important in cherry trees
because they are units of fruit production (Macit et al.,
2017). For this reason, practices that increase the number
of shoots in cherries are very useful. Considering 2015
data in the experiment, the thinnest shoots were obtained
from the Perlan application (Table 2). The shortest shoots
were found in the Perlan application. However, there was
no significant difference statistically among applications

in terms of shoot diameter and length. Thus, although the
number of shoots increased, the annual shoot diameter
and length decreased. As a result, lateral shoots were
not vigorous because growth and nutritional resources
were stable while shoot number increased with Perlan. In
fruit trees, moderately strong shoots are generally better
than very vigorous shoots in terms of productivity since
vigorous shoots cause vigorous vegetative growth while
moderate shoots cause generative growth and bearing.
Thus, the Perlan application was effective because of
moderately strong shoots and an increased number of
shoots (Table 2).
In February 2016, trunk diameter and height of tree
and the diameter, length, and number of primary shoots
on the leader were determined (Table 3). There was a
significant difference among applications in terms of
trunk diameter. The thickest tree resulted from the bud
management + Perlan application. Heights of trees in the
experiments at that time varied from 226 to 238 cm (Table
3). The most primary shoots on leaders were counted in
the Perlan application, while the least number of shoots
was counted in the bud management application since
the bud management application included removal of
buds (Table 3). At the same time, the longest and thickest
shoots were obtained from the bud management + Perlan
application while the shortest and thinnest shoots were
from the control application (Table 3).
By the end of 2016 (December), trunk diameter of the
trees varied from 48.6 to 41.0 mm while height of the trees
varied from 384 to 351 cm (Table 4). The lowest shoot
number was obtained from the control application. The
longest and thickest shoots were obtained from the control
application due to a low number of shoots (Table 4).
The diameter and length of annual shoots emerging
from the primary shoot, the number of 2-year-old shoots,
and the total leaf area were determined as well. There were
no significant differences among applications in terms
of diameter and length of annual shoots emerging from

Table 2. Number, diameter, and length of shoots after treatments in 2015 (July).
Treatments

Number per 100 cm limb length

Diameter (mm)

Length (cm)

Bud management

3.7 b

7.6

62.9

Perlan

9.7 a

6.2

40.4

Bud management + Perlan

3.8 b

8.2

60.4

Control

5.3 b

7.6

63.1

Probability

P ≤ 0.01

NS

NS

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: not significant.
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Table 3. Trunk diameter and height of tree, and number, diameter, and length of primary shoots on leader in 2016 (February).

Number per 100 cm limb length

Diameter (mm)

Length (cm)

27.7 ab

Tree
height
(cm)
230

2.86 b

9.3 ab

64.6 ab

Perlan

26.4 ab

226

4.16 a

8.6 ab

48.7 b

Bud management + Perlan

28.6 a

234

2.69 b

10.1 a

69.8 a

Control

25.1 b

238

2.94 ab

8.0 b

51.8 b

Probability

P ≤ 0.05

NS

P ≤ 0.05

P ≤ 0.05

P ≤ 0.05

Treatments

Trunk diameter
(mm)

Bud management

Primary shoots on leader

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: not significant.
Table 4. Trunk diameter and height of tree, and number, diameter, and length of primary shoots on leader in 2016 (December).

Number per 100 cm limb length

Diameter (mm)

Length (cm)

45.3

Tree
height
(cm)
384

4.01 a

13.7 b

90 ab

Perlan

45.3

351

4.72 a

12.9 b

74 b

Bud management + Perlan

48.6

382

4.00 a

13.9 b

93 ab

Control

41.0

364

2.72 b

16.5 a

108 a

Probability

NS

NS

P ≤ 0.05

P ≤ 0.05

P ≤ 0.05

Treatments

Trunk diameter
(mm)

Bud management

Primary shoots on leader

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: not significant.

the primary shoot and total leaf area (Table 5). However,
the diameter and length of annual shoots emerging from
primary shoots varied from 11.1 to 8.3 mm and 77.1 to
60.9 cm, respectively (Table 5). The leaf area per orchard
area of the examined trees ranged from 0.31 m2 to 0.22
m2 (Table 5). The number of 2-year-old shoots was lowest

in the bud management application because of bud
removal while it was the highest in the bud management
+ Perlan application (Table 5). The fruits of sweet cherry
are obtained from flower buds at the base of the previous
season’s annual shoot growth and the spurs on shoots that
are 2 years old or older. The lifetime of a spur is about 10

Table 5. Diameter and length of annual shoots emerging from primary shoot, number of 2-year-old shoots, and leaf area per orchard
area in 2016 (December).
Annual shoots emerging from primary shoot
Diameter (mm)

Length (cm)

Number of 2-year-old
shoots

LA/orchard area (m2)*

Bud management

11.1

77.1

4.0 b

0.31

Perlan

9.2

65.8

10.1 ab

0.29

Bud management + Perlan

8.3

60.9

12.6 a

0.26

Control

9.0

68.8

5.4 ab

0.22

Probability

NS

NS

P ≤ 0.05

NS

Treatments

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: not significant.
*Leaf samples were taken at the end of summer in 2016. LA: Leaf area.
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years; however, spurs should not be more than 5 years old
to obtain fruit of high quality (Long, 2007). Therefore,
the number of shoots with spurs 2 years old or older is
important in terms of yield. The data in the experiment
showed that the bud management + Perlan application
provided greater and earlier fruiting potential in the first

years of the orchard. The Figure shows the development
of the tree and the effect of applications on trees. As
shown in the Figure, bud management + Perlan caused
moderate and a good number of lateral shoots while only
bud management caused stronger and fewer lateral shoots.
There were stronger and only a few shoots in the control.

Bud management+Perlan

Bud management

Perlan

Control

Figure. Effects of different applications on trees.
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Table 6. Height and volume of trees and some canopy properties of the examined trees in 2017 (February).

Treatments

Tree

Canopy

Height (m)

Volume (m )

Height (m)

Width (m)

Volume (m3)

Bud management

3.84

6.79 a

2.77

1.44

1.55

Perlan

3.69

4.91 b

2.28

1.37

1.13

Bud management + Perlan

3.57

4.56 b

2.43

1.47

1.43

Control

3.64

5.98 ab

2.47

1.59

1.62

Probability

NS

P ≤ 0.05

NS

NS

NS

3

Means followed by the same letter in the same column are not significantly different.
P: Probability, NS: not significant.

In the winter of 2017, the height and volume of the tree
and some canopy properties of the examined trees were
determined (Table 6). There was a significant difference
among applications in terms of tree volume. The trees
in the bud management application had the largest tree
volume because there were stronger and fewer shoots in the
application. Thus, the shoots resulted in larger trees with
large volume. There was no difference among applications
in terms of tree height and some canopy properties such
as length, width, and volume (Table 6). Tree volume was
smaller in the bud management + Perlan application than
the bud management application and the control, although
the canopy volume was the same in all applications. This
all conformed to the formula given in Section 2. The
canopy volume bearing fruit did not change. As is known,
small trees are preferred in modern fruit production.
Bud management + Perlan caused smaller volume trees.
Applications including Perlan decreased tree height and
volume, increasing lateral shoots (Table 6).
In general, using just the Perlan application encouraged
a number of lateral shoots. However, the application
caused thinner and shorter shoots. Bud management on
its own provides buds, which will form shoots. However, it

reduced the number of lateral shoots because of removing
some buds. In addition, bud management on its own
decreased the number of 2-year-old shoots.
In the experiment, the best results were obtained from
the bud management + Perlan application. This application
encouraged a higher number of more well-developed
lateral shoots. It caused precocity, which increased the
number of 2-year-old shoots. Moreover, the application
controlled growth and tree volume.
As a result, the use of bud management and Perlan
together will be very useful for obtaining moderate
tree growth, plentiful lateral shoots, and precocity of
cherry nursery trees. In addition, we need new studies
determining suitable doses of Perlan and the details of the
bud management system for ideal tree form.
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